Abstract In an attempt to assess the effect of perfluorinated compounds (PFC) on oocytes quality and fertilization rate, we studied follicular fluid (FF) PFC levels in 18 patients undergoing IVF-ET cycles. A significant correlation (R=0.75; P<0.001) was observed between FF PFC levels and fertilization rate. Moreover, patients with FF PFC contamination had significantly lower fertilization rate (p<0.02) and number of embryos transferred (p<0.02), compared to the PFC negative group.
Introduction
The increased exposure to environmental and industrial contaminants have been postulated to be responsible to the global decline in fertility [1] [2] [3] . Among these are the perfluorinated compounds (PFCs) , that are produced industrially by electrochemical fluorination [4] , and are worldwidely used as emulsifiers in cleaning products, as inert components in pesticides, food containers, non-stick frypans (commercially named "Teflon", produced from PFOA), shampoos, toothpaste, and so forth [5, 6] .
Surprisingly, while many animal and human studies have suggested the associations between exposure to PFCs compounds to altered reproductive functions [7, 8] , the direct effect of PFC on female fertility has been scarcely studied [9, 10] . Moreover, the biological mechanisms by which exposure to PFCs interferes with fertility are unknown. It was postulated that by interrupting the hypothalamicpituitary-ovarian regulation, the PFCs may cause irregular menstrual cycles and delayed ovulation [10, 11] .
Prompted by the aforementioned observations we conducted this pilot study aiming to examine follicular fluid (FF) PFC levels in patients undergoing IVF-ET cycles, and to assess the effect of PFC contamination on oocyte quality and fertilization rate.
Materials and methods
The study population consisted of infertile patients admitted to our IVF unit, who reached the ovum pick-up (OPU) stage. The elimination of bias in this selection, for the purposes of this study, was achieved by excluding poor responders, i.e. women in whom <5 oocytes were retrieved.
Informed consent was obtained from all participants before inclusion in the study, which was approved by the local Human Investigation Committee. The study required no modification of our routine IVF-ET treatment protocols. Routine IVF or intracytoplasmic sperm injection (ICSI) was then performed, as appropriate.
For the purpose of the study, in addition to the routine embryologic work, the clear FF was collected immediately after oocytes aspiration for PFC determinations, while oocytes quality was assessed according to previously published criteria [12] . The top quality oocytes (TQO) were defined as those with round appearance, a smooth first polar body, dispersed cytoplasmic granula and normal perivitelline space.
For toxicological analysis of the FF, an extraction was performed according to the analytical procedure described by Hansen et al. [13] and Kannan et al. [14] , with some modifications by Corsolini et al. [15] . After centrifugation at 1200 × g for 15 min, the samples were homogenized with Milli-Q water. Subsequently, 0.5 M tetrabutylammonium (TBA) hydrogen sulphate solution and sodium carbonate buffer (0.25 M, pH 10) were added to each sample before extraction with methyl tert-butyl ether (MTBE). The organic and aqueous layers were separated by centrifugation, rinsed with MTBE and separated again. The solvent was evaporated under nitrogen, replaced with methanol and the extract passed through a nylon mesh filter (0.2μm). Milli-Q water was prepared as extraction blanks.
Concentrations of PFCs were measured using high performance liquid chromatography (HPLC) with electrospray ionization (ESI) tandem mass spectrometry. Analyte separation was performed using a Finnigan Surveyor Plus HPLC System. Chromatographic separation was achieved using a Betasil© C18 column (Thermo Electron Corporation, San Jose, CA). For quantitative determination, the HPLC system was interfaced to a Finnigan LTQ linear ion trap mass spectrometer (Thermo 150 Electron Corporation, San Jose, CA) operated in negative electrospray mode. Instrumental parameters were optimized to transmit the [M-H]-ion for all the analytes. The repeatability and reproducibility were performed in triplicate and were 85% and 90% respectively.
Data on patient age and infertility-treatment-related variables were collected from the files. Number of oocytes retrieved, oocytes quality and number of embryos transferred were assessed and compared between patients with and without FF PFC contamination.
Statistical analysis was performed with paired-Student's t-test, Chi square and correlation analysis, as appropriate. Results are presented as means ± standard deviations; p<0.05 was considered significant. 
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Results
Eighteen patients with a mean age of 33.6±2.6 years were evaluated. Of whom, 8 had FF PFC contamination (PFC positive group) and 8 had no PFC in their FF (PFC negative group). The embryological characteristics according to patients' FF PFC contamination are presented in Table 1 . While no significant differences in patients' age, number of oocytes retrieved or the percentage of TQO were observed between the two study groups, patients with FF PFC contamination had significantly lower fertilization rate and number of embryos transferred, compared to the PFC negative group. Moreover, while no correlation was observed between the percentage of TQO and FF PFC levels, a significant correlation (R=0.75; P<0.001) was observed between FF PFC levels and fertilization rate (Fig. 1) .
Discussion
Human exposure to environmental and occupational chemicals has increased considerably in the past 50 years, with a concomitant increased awareness to these threats on fertility [1, [16] [17] [18] . PFCs are now ubiquitous and accumulate in humans and in the environment. While their acute toxicity is not high, their real problem is their stability and therefore their ability to persist.
Previous studies focused predominantly on compounds such as pesticides, dioxins and PCBs [19, 20] , with scarce information regarding the effect of PFCs on female fertility [9, 10] . The latter, concentrate on the association between maternal PFC plasma levels and decreased parity or increased time to pregnancy, while in the present study, we offer an explanation to the aforementioned observations by demonstrating a detrimental effect of PFC on oocytes fertilization capacity with the consequent decrease in the number of embryos transferred.
The main limitation of our pilot study is its rather small sample size (16 patients), which could not demonstrate of any significant differences in oocytes quality or pregnancy rate. Moreover, in light of the Italian regulation, which limits the number of oocytes to be fertilized, we were unable to draw any conclusion on embryos quality. Furthermore, we also did not evaluate PFC contamination of the seminal plasma, and therefore could not discriminate between risks by a common (both partners) rather than a female exposure.
In conclusions, to our knowledge, in the present pilot study, we highlighted for the first time, the possibly high percentage of patients (in this cohort 50%) with increased PFC contamination in human follicular fluids, and its potential detrimental effect of oocytes fertilization capacity.
The finding of PFCs in FF may imply that long-term exposure of humans may lead to reproductive impairment. Moreover, high PFCs' levels may contribute to the otherwise reduced fertility in many young women. This preliminary study should be corroborated in larger studies, clarifying the effects of current environmental and occupational exposure to PFCs on reproductive health and the physiological mechanisms underlying these effects. The long-term effects of PFCs' accumulation in the body are not predictable and therefore precautions should be taken to reduce or eliminate contact with these compounds.
